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Bulk corn samples and airborne samples generated therefrom were collected on a Georgia farm during the 1980 harvest and while the 1980 corn was being ground and fed to swine. The bulk corn harvested had 1640 ng total aflatoxin/g. Airborne dust samples collected at the front of the combine had an average of 3850 ng total aflatoxin/g; at the side of the combine, the average aflatoxin level was 2550 ng/g of dust. At one time, the operator was exposed to airborne dust containing 1360 ng/g while inside the combine cab. An airborne dust sample taken with a personal sampler during transfer of the corn to a truck had 52 000 ng/g. Airborne dusts collected while corn containing aflatoxin (1240-1850 ng/g) was being ground and fed had total aflatoxin levels ranging from nondetected to 43 700 ng/g. Airborne dust, bulk corn, and settled dust samples were collected at a grain elevator. Airborne dust samples collected during the delivery of corn in farm trucks to the elevator had an average of 1240 ng total aflatoxin/g. The airborne dust samples taken while corn was being unloaded from the elevator into trucks and railroad cars had lower average aflatoxin levels than those in dusts collected during delivery. Settled dusts in the elevator had 173-669 ng total aflatoxin/g. The highest aflatoxin level in the air in the elevator was 13 000 ng/cu. m near the conveyor belt. Airborne dust samples collected by personal samplers on elevator workers contained aflatoxin levels of 429-1300 ng/g; aflatoxin levels in the air were 9-1120 ng/cu. m.
The potential hazard to agricultural workers through inhalation of airborne dusts from aflatoxin-containing corn continues to be a major concern. Various aspects of the possible problem have been reviewed (1). Previous studies have established the presence of aflatoxin in airborne dusts from contaminated corn, but not the extent of the hazard to farmers, elevator operators, and other agricultural workers (2, 3). The International Agency for Research on Cancer (IARC) classifies aflatoxin as 2A, which means it is probably carcinogenic to humans, with a high degree of evidence (4) . A recent report of the Department of Health and Human Services lists aflatoxin as one of 88 compounds believed to be a human carcinogen (5). The strongest evidence that aflatoxins may be an inhalation hazard is a study conducted in The Netherlands (6) . A group of workers exposed to aflatoxins in processing peanuts for oil was studied. The exposed workers had 3 times more cancers than a group of control workers, but the number of workers (60-70) was too small for the results to be statistically significant.
The present investigation describes the aflatoxin content in airborne dust samples collected while corn was being harvested in 1980; the corn had 1640 ng total aflatoxin/g. A farm was selected for this study before the severity of its aflatoxin problem was known. Total airborne dust samples were collected to include all particles that might be deposited at any site within the respiratory tract. Major deposition sites vary markedly in structure, size, function, and response to deposited particles (7) . Even particles generally considered to be nonrespirable (>7-10 /Lm) have been shown to be deposited in the trachea and bronchi. Factors other than the diameter of dust particles have an effect on deposition and retention times, such as differences in the regions or sites of the respi-'Northern Regional Research Center. Agricultural Research Service. U.S. Department of Agriculture. Peoria. IL 61604.
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Received June 10. 1983. Accepted July 27. 1983. ratory tract, individuals. and pattern and rate of the air stream. Samples of airborne dusts were taken on the same farm as corn was being ground and fed. Airborne dust samples were also collected at an elevator during delivery of corn from the surrounding areas and during loading of railroad cars and trucks from the elevator. Settled dusts were collected in the elevator. The results of the aflatoxin analyses on these samples are reported in this paper.
Experimental

Collecting and Handling Samples
Total dust samples were collected on 20 x 25 cm type "A" glass fiber filters (free of organic binders), using high-volume samplers with a sampling rate of approximately 0.029 cu. m/ s, which was determined for each pump with a Magnehelic gauge. After field sampling, filters were folded and placed in 7.5 x 2.5 cm round seamless tin cans for storage and transportation. Filters containing dusts were dried the day of collection at 65°C. Airborne dust samples, including personal samples, were also taken with battery-driven, low-volume (ca 2 Llmin) pumps. Efforts were made to collect bulk corn samples that corresponded to airborne samples, but this was not always possible either on the farm or at the elevator. Bulk corn samples were placed in flat, open trays for overnight drying at 8SOe.
Weighing Airborne Dust Samples
Before use, the filters and a control filter were allowed to stand at least 24 h in an air-conditioned room for moisture equilibration and then were accurately weighed and placed in individual envelopes. After sample collection and drying, the filters containing dusts were placed in the same air-conditioned room for 24 h for a second equilibration before weighing. Changes in the weight of the control filter were used to correct for moisture variations.
Aflatoxin Analysis
Aflatoxin levels in the bulk corn samples were determined by the CB method approved for corn by AOAC (8) and the American Association of Cereal Chemists (9) . Airborne dust samples were analyzed by a modification of the CB method for application to the small dust samples (1.5-488 mg) (10) . The identity of aflatoxin in extracts was confirmed by the formation of the water adducts on thin layer chromatographic plates with trifluoroacetic acid (8, II).
Results and Discussion
The results of the aflatoxin analysis of dust samples collected during harvest on the farm where total aflatoxin level in the harvested corn was 1640 ng/g are summarized in Table  1 . Airborne dust samples collected in front of the combine ranged from 1150 to 5260 ng/g, with an average of 3850 ng/g. At the side of the combine, the range of aflatoxin levels in airborne dusts was 281-4640 ng/g. averaging 2550 ng/g. The 2 dust samples collected while the corn was being transferred to the truck had 1330 and 3000 ng/g. The one personal airborne dust sample taken while the operator was in the combine cab had 1360 ng/g. The personal dust sample taken while the operator was standing outside the cab and downwind during transfer of corn to a truck had 52 000 ng/g. The high aflatoxin levels in airborne dusts during harvest might be explained by the toxin content of the conidia (spores) of producing fungi. From studies on farmers' lungs. it has been established that most of the airborne dusts collected during harvest of grain were fungal conidia (12) . A study of the aflatoxin content of conidia of 5 strains of Aspergillus flavus and 4 strains of A. parasiticus that produce aflatoxins showed an average of 153 000 ng/g and 27600 ng/g total toxin. respectively (13) . Levels of aflatoxin were high in the bulk corn (1240 and 1850 ng/g) being ground and fed. as well as in airborne dusts generated during grinding and feeding operations ( Table 2) . Only one dust sample did not have detectable aflatoxin; levels in the others ranged from 1100 to 43 200 ng/g. The farmer lost more than 60 of 300 young pigs that ate the bulk corn. due to aflatoxicosis: the cause of death was determined by the Veterinary Diagnostic and Investigation Laboratory. Tifton, GA.
Airborne dust. bulk corn. and settled dust samples were collected at a grain elevator (Tables 3. 4 , and 5). Airborne dusts collected while farm trucks delivered and unloaded corn at the elevator contained from nondetectable to 3270 ng aflatoxin/g with an average of 1240 ng/g ( Table 3 ). The bulk corn being delivered had an average total aflatoxin of 120 ng/g. Attempts were made to collect the bulk corn samples to correspond to the airborne samples being taken. Ratios of aflatoxin in the airborne dusts to that in the bulk corn being delivered ranged from 0 to 40.6.
Airborne dust samples also were collected as corn was being unloaded from the elevator onto trucks and railroad cars (Table 4) . Although airborne dusts usually contain higher aflatoxin levels than the bulk corn from which they are generated, 2 airborne dust samples collected showed no detectable toxin when the corresponding bulk corn samples had 154 and 138 ng/g. It is difficult to collect bulk corn samples exactly representative of the airborne dust samples being taken. Filters in the dust samplers have to be changed at intervals to prevent overloading, sometimes not convenient for collecting bulk corn samples. At best, it is difficult to obtain a corn sample representative of a lot. much less part of a lot. being unloaded as the airborne dust sample is taken.
One of the more important parts of this study was the determination of aflatoxin in airborne dusts and of toxin levels at several locations in a grain elevator (Table 5 ). Settled dusts in grain elevators located in geographical regions where aflatoxin tends to be a problem in corn have been found to be contaminated (3, 14) . We detected aflatoxin (173-669 ng/g) in settled dusts again in 1980. Settled dusts are swept up from time to time as part of the cleaning process. to prevent the dust accumulation that causes elevator explosions. Airborne dusts were collected in 4 work areas of the elevator (Table  5 ). The highest aflatoxin concentration in the air was near the conveyor belt-13 000 ng/cu. m. Workers wore personal samplers while completing operations around the elevator. Airborne dusts collected by personal samplers on the workers contained aflatoxin levels of 429-1300 ng/g. Aflatoxin concentrations in the air ranged from 9 to 1120 ng/cu. m.
Conclusions
Although we know aflatoxin occurs in airborne dusts generated from contaminated corn. the effect on agricultural workers by inhalation is not known. It is estimated that the average worker inhales over 10 cu. m of air in an 8 h work shift. Our results show that exposure to aflatoxin could be high. but the data we obtained were during certain operations that usually do not last the entire 8 h. Aflatoxin levels in the corn being handled can vary markedly during a work day.
Epidemiological studies and animal inhalation experiments are being planned. Farmers do have short-term exposures to aflatoxin-containing dusts during harvest. but grinding and feeding take place all year. The farm in Georgia where we collected airborne dust samples in 1980 had an acute problem.
with the harvested corn containing 1640 ng aflatoxin/g. During that year, aflatoxin contamination of corn was severe in Georgia (15). Aflatoxin occurred at levels of over 1000 ng/g in 4 of 67 samples collected at random, which were considered to be representative of the corn harvested in Georgia, Only 17 of the 67 samples, or 25%, had less than 20 ng/g, the guidelines set by the Food and Drug Administration. Exposure of elevator workers is likely to extend over a period of time, but many are seasonal workers. They are issued protective face masks that would prevent inhalation of dusts, but such masks are very uncomfortable during the summer months and usage tends to be intermittent. It would be desirable if agricultural workers exposed to dusts generated from aflatoxin-contaminated corn would wear protective masks.
